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- The middle ear consists of the tympanic membrane that 
terminates the ear canal and the three small bones (ossicles), 
the malleus, the incus and the stapes. 


- Two small muscles, the tensor tympani muscle and the 
stapedius muscle, are also located in the middle ear. 


- The manubrium of malleus is imbedded in the tympanic 
membrane and the head of the malleus is connected to the 
incus that in turn connects to the stapes, the footplate of which 
IS located in the oval window of the cochlea. 

- The chorda tympani is a branch of the facial nerve that travels 
across the middle ear cavity. It carries taste fibers and probably 
also pain fibers. 

- The Eustachian tube connects the middle ear cavity to the 
pharynx. 


LS 1} Alinat} 


AS 1 


8 Ji gall dal 
abat stat ii a gli 


LA 


ES VE 
: Tympanic membrane dll tie , 1] 


- The tympanic membrane is a slightly oval, thin membrane that 
terminates the ear canal. It is cone-shapedl. 


- Seen from the ear canal, the membrane is slightly concave and 
IS suspended by a bony ring. 


- Normally it is under some degree of tension. 
- |ts surface area is approximately 85 mm2. 


- The main part of the tympanic membrane, the pars tensa with 
an area of approximately 55 mm2, is composed of radial and 
circular fibers overlaying each other. 


- These fibers are comprised of collagen and they provide a 
lightweight stiff membrane that is ideal for converting sound 
into vibration of the malleus. 


- À smaller part of the tympanic membrane, the pars flaccida, 
located above the manubrium of malleus, is thicker than the 
pars tensa and its fibers are not arranged as orderly as the 
collagen fibers of the pars tensa. 


- The tympanic membrane is covered by a layer of 
epidermal cells, continuous with the skin in the ear canal. 

- This outer layer of the tympanic membrane migrates from 
its center outwards and this moves small injuries and 
scars and transports small foreign bodies out into the 

* ear canal. 

- Small holes in the tympanic membrane usually heal 
Spontaneously. 
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- The Eustachian tube consists of a bony part that is 
located close to the middle ear cavity, and a cartilaginous 
part that forms a closed slit where it terminates in the 
nasopharynx. 


- The optimal function of the middle ear depends on 
keeping the air pressure in the middie-ear cavity close to 
the ambient pressure. 


- That is accomplished by briefly opening the Eustachian 
tube. 


- In the adult, the Eustachian tube is 3.5-3.9 cm long andit 
follows an inferior (caudal) — medially — anterior (ventral) 
direction in the head, tilting downwards (caudally) by 
approximately 45 degrees to the horizontal plane. 


- The Eustachian tube is shorter in young children and it is 
directed nearly horizontally. 
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- The cartilaginous part of the Eustachian tube forms a 

valve that closes the middle ear off from pressure 
fluctuations in the pharynx such as occurs during 
breathing and it decreases transmission of a persons 
voice to the middle-ear cavity. 


*- The mucosa inside the Eustachian tube is rich in cells that 
produce mucus and it has cilia that propel mucus from the 
middle ear to the nasopharynx. 

- The slit shaped cartilaginous part of the Eustachian tube 
allows transport of material from the middle-ear cavity to 
the nasopharynx but not the other way. 


- The most common way the Eustachian tube opens is by 
contraction of a muscle, the tensor veli palatini muscle. 

*- The tensor veli palatini muscle is located in the pharynx 
and innervated by the motor portion of the fifth cranial 
nerve. 


- This muscle contracts naturally when swallowing and 
yawning. 


2 


: AU CA Call Jak s : Malleus & jai : 

Qi dalll ebhé (le 5 58 Alull Liles Guaili Lin jui (ia 5 LA eçéalal si cugie eco) 
AS phall ALI JS pau 8 pull 5 (ha ol LUN Ces CU Cannes Lu 385 clic s 65 juull Aëlaie 
AA it all Jai s : Incus Oil « 

Aglaiall 8 jéall Jia Gil Mie juei Li dé phdl cul, ge death, Alall (à ah pus 
LS ji co) ge dé Gone Lis Ai Al Anël jé Ji Gas se D Li ill 
LUI; Suis 

AU et Call Jauis 3 «ul aus ae ji : Stapes 4is si - 


pull JO EuiS LS I se lés cils ç Auclel Con clan pue (ie «JO (5 su Cf, 


Incus articulation 
JS Qçinûsll ahuull Malleus articulatior 
ehuul 


Head of malleus ädäyholl ççslnaall 
ääyholl Us) 
Short limb 
ponäll «äyhil 


Neck of malleus 


ääyholl çàié 


Body of incus 


Lateral Jlsiäul puus 


a Anterior process B 
parer LS OV Long limb 
rs Jill phil 
(sai gll) } Handlie of malleus 
dû yholl çpiäo Base of stapes 
A LS} ësclä 


Anterior limb 
«soloUl «ayhil 


Posterior limb 


«sälall cpl 


Head of stapes 
C 1-21! P 


pe 


Chorda tympani 


AT 
APTE 


Tympanic 
plexus 


U dc nc nerve from CN IX 


(au dll (AY ne 4 


:(Stapedial Muscle) its it Âlaatl - 
li ci at Qalall 48 sl le Axe pell 8 5 Ji Cye Lis 
LS Ji Ge de ES - 
(CN VIT) es sil Quaxll lynoxs 


:(Tensor Tympani) Ait 5 ji sal) Âlaall . 
abli Ca sal QAalaŸl jlagll pau gui où (ahe (où ce Lai « 
À jbl Gie de Xe 
(CN V} ail ill alie Qunxll lgnax 


Nerve to 
‘nedius muscle 


Malleus Incus Epitympanic recess 
Superior 


Anterior 


Pharyngotym- Tensor Tympanic Stapes Stapedius 
panic tube tympani membrane muscle 
muscle (medial view) 


Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings. 


+ 4] 
Ô 


ASIA GNT pu jé 


ll $ jai 


RU à snif à 
Ye YY — Cilixaull au 


DE Jia "El 


Es EEE 
Cochlea : 


* The cochlea is a snaïl-shaped bony structure that contains 
the sensory organ of hearing. 

* The cochlea in humans has a little more than 2 1/2 turns. 

+ Uncoiled the cochlea has a length of 3.1-3.3 cm. 

* The height of the cochlea is approximately 0.5 cm in 
humans. 


* The cochlea, together with the vestibular organ, is totally 
enclosed in the temporal bone, which is one of the hardest 
bones in the entire body. 


* Together the cochlea and the vestibular organs are often 
referred to as the labyrinth. 

* The bony structures are known as the bony labyrinth and 
the content is the membranous labyrinth. 


«The cochlea has three fluid-filled canals: the scala 
vestibuli; the scala tympani; and the scala media. 


. The scala media, located in the middle of the cochlea, is 
separated from the scala vestibuli by Reissner's 
membrane and from the scala tympani by the basilar 
membrane. 
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* The ionic composition of the fluid in the scala media is 
similar to that of intracellular fluid, thus rich in potassium 
and low in sodium, while the fluid in the scala vestibuli 
and scala tympani is similar to that of extracellular fluid 
such as the cerebrospinal fluid, thus rich in sodium and 
poor in potassium. 


+ The scala media narrows towards the apex of the cochlea 
ending just short of the apical termination of the bony 
labyrinth. 

* An opening near the apical termination of the bony 
labyrinth, called the helicotrema, allows communication 
between the scala vestibuli and scala tympani. 


* In humans, the area of this aperture is approximately 0.05 
MM. 


+ The basilar membrane separates sounds according to their 
frequency (spectrum) and the organ of Corti, located 


along the basilar membrane, contains the sensory cells 
(hair cells) that transform the vibration of the basilar 
membrane into a neural code. 
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Organ of corti : 


* The organ of Corti contains many different kinds of cells. 

* The sensory cells, the hair cells, so called because of the 
hair-like bundles that are located on their top, are 
arranged in rows along the basilar membrane. 

* The hair cells have bundles of stereocilia on their top. 

* The hair cells are of two main types: outer hair cells and 
inner hair cells. 


* The human cochlea has approximately 12,000 outer hair 
cells arranged in 3-5 rows along the basilar membrane, 
and approximately 3,500 inner hair cells arranged in a 
single row. 


* On each outer hair cell, 50-150 stereocilia are arranged in 
3-4 rows that assume a W or V shape whereas the inner 
hair cells stereocilia are arranged in flattened U shaped 
formations. 

+ Between the row of inner haïr cells and the rows of outer 
hair cells is the tunnel of Corti, bordered by inner and 
outer pillar cells. 
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Scanning electron micrograph of a section Es Fe organ of Corti with the tectorial membrane 
removed to show the organization of the hair cells. One row of inner hair cells (IHOC) is visible at the 
top of the figure and three rows of outer hair cells (OHC) in typical W-shaped formation of 
stereocilia on the top of the cells are seen. 


The outer hair cells are different from the inner hair cells in 
several ways : 


* Outer hair cells are cylindrical in shape while the inner 
hair cells are flask-shaped or pear-shaped. 


* The stereocilia are linked to each other with specific 
structures (cross-links). 


* The tallest tips of the outer hair cell stereocilia are 
embedded in the overlying tectorial membrane, whereas 
the tips of the inner hair cell stereocilia are not. 


* The outer hair cells in the apical region of the cochlea are 
longer than in the more basal regions. 


Inner hair cells have similar dimension in the entire 
cochlea. 

*. The stereocilia on inner hair cells that are located at the 
base of the cochlea are shorter than stereocilia of hair cells 
that are located in the apical region of the cochlea. 


* In addition to hair cells, other types of cells are found in 
the cochlea. Supporting cells of the organ of Corti are the 
Deiter’s cells and Henson's cells. 


* The stria vascularis is an important structure located 
between the perilymphatic and the endolymphatic space 
along the cochlear wall. 

* The stria vascularis has a rich blood supply and its cells 
are rich in mitochondria, indicating that it is involved in 
metabolic activity. 

* Many of its intermediate cells have a high content of 
melanin. 

* The spiral ligament, to which the basilar membrane is 
attached, supports the stria vascularis. 
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Basilar Membrane : 


* The basilar membrane consists of connective tissue and it 
forms the floor of the scala media. 

* It has a width of approximately 150 um in the base of the 
cochlea and it is approximately 450 pm wide at the apex. 

* Itis also stiffer in the basal end than at the apex. 

* Due to this gradual change in stiffness, sounds that reach 
the ear create a wave on the basilar membrane that travels 
from the base towards the apex of the cochlea. 


* This traveling wave motion is the basis for the frequency 


separation that the basilar membrane provides before 
sounds activate the sensory cells that are located along the 
basilar membrane. 


* The frequency analysis in the cochlea is complex, 
involving interactions between the basilar membrane, the 
surrounding fluid, and the sensory cells. 

* The outer hair cells interact actively with the motion of 
the basilar membrane. 


Innervation of Hair Cells 7”? 


* Three types of nerve fibers innervate the cochlea: 
1. Afferent auditory nerve fibers, 

2. Efferent auditory fibers (olivocochlear bundle), 
3. Autonomic (adrenergic) nerve fibers. 


* The afferent auditory nerve fibers are bipolar cells, the cell 
bodies of which are located in the spiral ganglion that is 
located in a bony canal, the Rosenthal's canal. 

* In humans, the auditory nerve has approximately 30,000 
afferent nerve fibers. 


+ Two types of afferent fibers have been identified. 


Type | Type Il 
Myelinated Unmyelinated 
Large cell bodies Small cell bodies 


95% of the auditory nerve 5% of the auditory nerve 
fibers fibers 


A single type IT auditory 
nerve fiber connects to many 
OHCSs 


Outer spiral fiber, Inner radial fibers 


Many type I auditory nerve 
fibers terminate on each IHCSs 


* The auditory nerve fibers connect to the hair cells via 
synapses. 


- These connections are different for inner and outer hair 
cells. 


* It has been estimated that each inner hair cell receives 
approximately 20 nerve fibers. 


° The hair cells also receive different connections from the 


descending auditory nervous system, the olivocochlear 
bundle (Rasmussen's bundle). 

* Outer hair cells receive the largest number of such nerve 
fibers. 

* The efferent fibers (approximately 500-600) in humans 
have their cell bodies in the nuclei of the superior olivary 
complex (SOC) of the brain stem. 


« These fibers are of two kinds: 


Large myelinated fibers Small unmyelinated fibers 


Originate in the medial Originate in the lateral nucleus 
superior olivary (MSO) of the superior olivary complex 
complex (L5O) 


Terminate on type I afferent 
Terminate on outer hair cells. connections that leaves the 
inner hair cells. 


Mostly originate from cells on | Mostly on the same side as the 
the opposite side and thus cross ear 
the mid-line 


* Each outer hair cell receives many efferent fibers and each 
efferent fiber connects to many outer hair cells. 


* The efferent fibers that reach outer hair cells mainly make 
presynaptic connections while those reaching the inner 
hair cells make postsynaptic connections. 


* Efferent fibers connect more sparsely to inner hair cells. 


* Itis important to notice that the efferent fibers act directly 
on outer hair cells while efferent fibers only affect the 
output of inner hair cells by controlling the neural 
excitation in the nerve fibers that leave inner hair cells. 


* The importance of that will become evident in discussions 
of the function of outer hair cells compared with that of 
inner hair cells. 


IHCS 


* The inner ear also has an autonomic nerve supply. 


* The autonomic fibers, mostly adrenergic sympathetic 
nerve fibers, mainly innervate blood vessels but they also 
contact hair cells. 
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Introduction. 


* The auditory nervous system consists of ascending and 
descending systems. 


+ Two ascending systems, known as the classical and non- 
classical auditory systems, have been identified. 


* The classical auditory pathways are known as the 
tonotopic system because they have distinct frequency 
tuning and the neurons are organized anatomically 
according to the frequency to which they are tuned. 


* The non-classical auditory system may be analogous to 
the pain pathways of the somatosensory system. 


* The nonclassical pathways consist of complex structures 
that connect to many other brain areas but the anatomy of 
these pathways is not completely known. 


* An abnormal activation of the non-classical auditory 
pathways may explain the similarities between 
hyperactive hearing disorders (tinnitus) and central 
neuropathic pain. 


* Descending auditory pathways are organized mostly 
parallel to the ascending pathways extending from the 
cerebral cortex to the cochlear hair cells. 


* One part of the descending pathways, the olivocochlear 
system, connects nuclei of the superior olivary complex 
(SOC) with hair cells of the cochlea and it is the best 
known of the descending pathways. 


SE — 
CLASSICALASCENDING AUDITORY 
PATHWAYS.. 


* The classical ascending auditory system is more complex 
than the ascending pathways of other sensory systems. 

* It has three main nuclei with several additional nuclei 
where some of the ascending fibers are interrupted by 
synaptic connections. 


* The auditory nerve extends from the organ of Corti to the 
cochlear nucleus (CN) where each nerve fiber makes 
contact with neurons in all three main divisions of the 
CN. 


- From the cochlear nucleus, fibers cross over to the 
opposite side in three fiber tracts that connect to the 
central nucleus of the contralateral inferior colliculus 
(ICC). 

* Fibers from the ICC project to the medial geniculate body 
(MGB). 

* The fibers from the MGB project to the primary auditory 
cortex (AI), and the posterior auditory field (PAF). 


« There are connections between the two sides of the brain 


at several levels of the classical ascending auditory 
pathways. 

* These connections are important for directional hearing. 

* This anatomical organization is the basis for the parallel 
and hierarchical neural processing that occurs in the 
classical ascending auditory pathways. 
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Audlitory nerve : 


* The auditory nerve (AN) in man has approximately 
30,000 fibers. 


* The auditory nerve is part of the eighth cranial nerve (CN 
VII), which also includes the (superior and inferior) 
vestibular nerve. 

* The AN has two types of fibers known as type I and type 
IL. 

+ The nerve fibers of the AN are bipolar cells that have their 
cell bodies in the spiral ganglion located in the modiolar 
region of the cochlea. 


* The peripheral portions of the type I fibers of the AN 
terminate on the inner hair cells and the central portions 
terminate on the cells of the cochlear nucleus (CN). 


+ The type I nerve fibers are known as the radial fibers and 
they are thought to carry all the auditory information 
from the organ of Corti to higher centers of the central 
nervous system. 


* The average diameter of myelinated (type I) cochlear 


nerve fibers in the internal auditory meatus in children is 
2.5 pm. 


* The diameter of the myelinated fibers in the osseous 
spiral lamina is approximately half that of the fibers of the 
AN in the internal auditory meatus. 


* At any cross-section of the central portion of the AN, the 
variations in the diameters of these type I nerve fibers are 
small, which implies that the variations in the conduction 
velocity of different auditory nerve fibers are small. 


* The information that is carried in different auditory nerve 
fibers will therefore arrive at the cochlear nucleus with 
very small time differences, ensuring a high degree of 
temporal coherence of the nerve impulses that arrive at 
the cochlear nucleus. 


* Evidence has been presented that such coherence is 
important for discrimination of complex sounds such as 
speech sounds. 


* The variation in fiber size and thus in conduction velocity, 
increases with age and that may explain some of the 
hearing problems that are present at increasing age and 
which are not directly related to elevation in the pure tone 
threshold. 


* Like other cranial nerves, the eighth nerve is twisted. 


* The auditory portion is located caudally with respect to 
the superior vestibular nerve in the nerve’s central course, 
dorsally in the internal auditory meatus and in its most 
peripheral portion it is located ventrally with respect to 
the vestibular nerves . 


A 
- 
Pr 1 NS 


sata cr 


| 


+ 4] 
Ô 


AUDITORY NERVOUS 
S YS TEM - 2 


Aisoll à sell À 
Ye YT — Cilixaull au 
à 4 jLali à 


Cochlear Nucleus … 


* The auditory nerve terminates in the cochlear nucleus 
(CN), which is the first relay nucleus of the ascending 
auditory pathways. 


It is located in the lower brainstem, at the junction 
between the medulla and the pons (the pontomedular 
junction) on the same side as the ear from which it 
receives its innervations. 

The CN has three main divisions, the dorsal cochlear 


nucleus (DCN), the posterior ventral cochlear nucleus 
(PVEN), and anterior ventral nucleus (AVCEN). 


AN First bifurcation 


« Before the nerve reaches the CN each nerve fiber 
bifurcates. 


° One of the two branches terminates in the AVCN. 


* And the other branch bifurcates again before terminating 
in the cells of the PVEN and the DCN. 


* Each auditory nerve fiber thus connects to all three 
divisions of the CN. 


* The fibers from the CN mainly project to the contralateral 
inferior colliculus through three fiber tracts: 


o The dorsal stria (stria of Monaco [SM|); 
o The intermediate stria (stria of Held [SH|); 
oAnd the ventral stria (trapezoid body [TB]). 
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* The SM originates in the DCN. 

* The fibers from the PVCN cross in the SH and the output 
of the AVCEN forms the TB. 

* These three striae, after crossing to the opposite side, form 
the lateral lemniscus (LL), a fiber tract that projects to the 
central nucleus of the inferior colliculus (1CC). 


- Some fibers from the AVEN and PVEN do not cross the 
midline but ascend on the same side to reach the 
ipsilateral ICC . 

- Fibers from the PVCN reach the dorsal nucleus of the 
lateral lemniscus (DNLL) and from there fibers travel to 
the ipsilateral ICC. 

. The ventral cochlear nucleus also sends fibers to the facial 
motor nucleus and the trigeminal motor nucleus as part 
of the acoustic middle-ear reflex. 


° The two sides’ cochlear nuclei are connected . 


* This is the most peripheral connection between the two 
side’s ascending auditory pathways but its functional 
importance is unknown. 


* The CN also receives input from the trigeminal 
somatosensory system . 

* This is probably a part of the non-classical ascending 
auditory pathways . 


Superior Olivary Complex … 


* The superior olivary complex (SOC) consists of: the 
medial superior olivary nucleus (MSO); the lateral 
superior olivary (LSO) nucleus. 


- Some of the fibers of the three striae (5M, SH, and TB) 
sive off collaterals to nuclei of the SOC and some fibers 
are interrupted by synaptic contacts in one of the nuclei of 
the SOC before forming the LL. 


* Nuclei of the SOC, in particular the MSO, receive input 
from both sides” CN. 
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* The SOC is thus the first group of nuclei that integrate 
information from both ears. 


* The nuclei of the SOC are involved in directional hearing, 
mainly by comparing arrival time of neural activity from 
the two ears (in the MSO) and intensity differences (in the 
LSO). 

* The nuclei of the SOC comprise some of the most 
complicated parts of the ascending auditory pathways 
and they have the largest variations between different 
species of mammals. 


Midbrain 


Lateral Lemniscus and Its Nucleï 


* The LL is the most prominent fiber tract of the classical 
ascending auditory pathways . 

* The LL is formed by the three striae that emanate from 
the CN. 

* The LL is composed of fibers from all divisions of the CN. 

* The axons of the LL cross the midline and reach the 
contralateral ICC. 

+ Axons from cells in the nuclei of the SOC contribute to the 
EE: 

* The DNLL receives input from both ears and is involved 
in binaural hearing while the VNLL mainly receives input 
from the contralateral ear. 


Inferior Colliculus …… 


- The inferior colliculus (IC) is located in the midbrain just 
caudal to the superior colliculus (SC). 


- The IC is the midbrain relay nucleus where all ascending 
auditory information is channeled. 


- The IC consists of the central nucleus (ICC), the external 
nucleus (ICX) (also known as the lateral nucleus) and the 
dorsal cortex of the IC (DC) . 

- The ICC receives its input from the LL. 

- The ICC on one side connects to the ICC on the other 
side and these connections are important for directional 
hearing that is based on the differences in the sound 
intensity at the two ears. 
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Medial Geniculate Body... 


* The medial geniculate body (MGB) is the thalamic 
auditory relay nucleus where all fibers that originate in 
the ICC are interrupted. 


« There are no connections between the two sides of the 
MGB. 
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Auditory Cerebral Cortex. 


- The auditory cortex is a complex structure where 
abundant connections between cells provide complex 
neural processing of auditory information. 


* Several different regions of the auditory cortex have been 
identified. 
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